Two isoenzymes each of phosphoglucomutase, hexose phosphate isomerase, aldolase, fructose diphosphatase, phosphofructokinase, and 6-phosphogluconate dehydrogenase have been separated by DEAE-cellulose column chromatography of extracts from endosperm of germinating castor beans (Ricius communis cv. Hale). One of each of the enzymes is localized in the cytosol and the other is confined to plastids. Developmental studies of these isoenzymes were carried out to clarify their roles in the endosperm. In extracts from ungerminated seeds the activities of marker enzymes of mitochondria (fumarase), plastids (ribulose bisphosphate carboxylase), and glyoxysomes (catalase) were low, but phosphoglucomutase, hexose phosphate isomerase, aldolase, and 6-phosphogluconate dehydrogenase were present in relatively high activity. The total amounts of these enzymes increased 3-to 4-fold during the first 5 days of growth. The activities of isoenzymes in the plastids rose in paraliel with that of ribulose bisphosphate carboxylase to reach a maximum at day 4, and lke the carboxylase they declined sharply thereafter. The activities of the cytosolic isoenzymes peaked at day 5. These changes are consistent with the roles previously proposed for the sequences present in plastid and cytosol.
The reaction sequence from oxaloacetate to sucrose and CO2 is the final stage in the massive conversion of fat to sugar in the endosperm of the germinating castor bean. In a previous paper (10) we investigated the intracellular site of this reaction sequence and established that two sets of glycolytic enzymes are present, one in the cytosol and one in the plastids. The activities of some enzymes in the plastids are inadequate to account for the rate of sucrose formation. We concluded that the reaction sequence from oxalacetate to sucrose must occur in the cytosol, where in addition, the first and final enzyme of the sequence, phosphoenolpyruvate carboxykinase, and sucrose-P synthetase are exclusively located.
We report here that several of the plastid isoenzymes are separable from their cytosolic counterparts by DEAE-cellulose chromatography. Developmental studies of these isoenzymes during early growth support the previous conclusion concerning the compartmentation of the gluconeogenic sequence from oxalace- at 30 C.
Preparation of Crude Extracts. Twenty endosperm halves were placed in 10 ml of chilled grinding medium containing 10 mM KCI, 1 mm MgCl2, 1 mm EDTA, 2 mm phenylmethylsulfonyl fluoride in 165 mm Tricine buffer (pH 7.5). The tissue was homogenized in a VirTis 45 homogenizer. One ml of 5% Triton X-100 solution was added to the homogenate and allowed to stand for 10 min with occasional stirring. The homogenate was centrifuged at 10,000g for 15 min to remove cell debris. The floating fat was removed and the supernatant solution was used for enzyme assays and for separation of isoenzymes.
Preparation of Particulate Fraction. Ninety endosperm halves from 4-day-old seedlings were chopped with a razor blade for 15 min in 20 ml of chilled grinding medium containing 10 mm KC1, 10 mM MgC12, 1 mm EDTA, 13% (w/v) sucrose in 165 mM Tricine buffer (pH 7.5). The extract was passed through three layers of nylon cloth and centrifuged at 10,000g for 15 min. The sediment, containing plastids and other organelles, was suspended in 10 ml of the same buffer without sucrose and disrupted by sonication. One ml of 5% Triton X-100 solution was added to the homogenate, which was stirred occasionally and after 10 min was centrifuged at 10,000g (15 min). The supernatant was used for separation of isoenzymes by DEAE-cellulose column chromatography.
Separation of Isoenzymes by DEAE-Cellulose Column Chromatography. All procedures were carried out at 04 C. Ten ml of the appropriate homogenate was applied to a Sephadex G-25 column (2.5 x 26 cm) which had been equilibrated with 20 mm Tris-HCI buffer (pH 7.5) containing I mm EDTA. Part of the eluate was used for enzyme assays. The remaining eluate was applied to a column of DEAE-cellulose (DE-32, Whatman) (1.7 x 24 cm) which had been equilibrated with 20 mm Tris-HCl buffer (pH 7.5) containing 1 mm EDTA. The isoenzymes were eluted with a linear gradient obtained by introducing 250 ml of 50 mM Tris-HCI (pH 7.5) containing 0.5 M NaCl and 1 mm EDTA, into 250 ml of 20 mm Tris-HCl (pH 7.5) containing 1 mm EDTA. Fractions of 10 ml were collected.
Enzyme Assays. Enzymes were assayed as described (8, 10) within 24 h of the original homogenization.
Sucrose Measurement. Ten endosperm halves were extracted in 5 ml 80%1o ethanol. Sucrose was measured by the resorcinol method as described (8) .
RESULTS Separation of Isoenzymes. The elution profiles of protein and six enzymes when the crude homogenate was applied to DEAEcellulose are shown in Figure IA . Two peaks of P-glucomutase, hexose-P isomerase, 6-P-gluconate dehydrogenase, aldolase, fructose diphosphatase, and P-fructokinase are clearly distinguishable. In our previous work (10) , it had been shown that each of these enzymes was present in a purified plastid fraction as well as in the cytosol. When a crude particulate fraction, enriched in plastids was applied to the DEAE column, the elution profiles shown in Figure IB were obtained. For each enzyme except P-glucomutase the slower eluting peak was enhanced, and we conclude that these peaks represent the plastid isoenzyme, whereas the earlier peaks in Figure I represent the cytosolic isoenzyme.
Changes in Total Enzyme Activty during Germination. Figure  2 shows the change in fresh weight of the endosperm during germination and early growth ofthe seedling. The striking increase in sucrose content after day 3 shows the onset of the utilization of stored fat. The accumulating sucrose is known to be present in the vacuoles (9, 1 1) , but transport to the cotyledons also is occurring. Marker enzymes of the three major organelles mitochondria (fumarase), glyoxysomes (catalase), and plastids (RuP2 carboxylase) are essentially absent from ungerminated seeds, but increase in concert to reach a peak at day 4. Subsequently they decline sharply, as previously described (6) . By contrast, each of the glycolytic enzymes except fructose diphosphatase was present in measurable amounts at day 0 (soaked seed) and increase 4-to 8-fold over a 4-to 5-day period of growth.
Changes in Amounts of Isoenzymes during Germination. Table  I shows the recovery of total activity when the crude extract from endosperm of successively older seedlings was applied to DEAEcellulose and the isoenzymes eluted as in Figure IA .
The recovery of most of the enzymes (70-90%) was satisfactory, but considerable losses of P-glucomutase occurred. The developmental pattern of the isoenzymes is shown in Figure 3 . The data in this figure were calculated by determining the ratio of activities of the plastid and cytosol enzymes in the eluate and applying this to the total enzyme activity added to the column. It is clear from Figure 3 that both cytosolic and plastid forms of the enzymes increase in activity during early growth. The plastid isoenzymes reach a maximum at day 4, when the RuP2 carboxylase also peaks, whereas the cytosol forms are maintained at high activity for at least one more day.
DISCUSSION
There is considerable information from green leaves that, in addition to the cytosolic forms of the enzymes of the glycolytic and pentose phosphate pathways, isoenzymes are also present in the plastids, where they function in photosynthesis (1-3, 12-14) . In the endosperm of the ripening castor bean, where the plastids are not green, Dennis and his colleagues have shown that they too contain isoenzymes of the two pathways. They separated isoen- zymes of hexose-P isomerase, 6-P-gluconate dehydrogenase, and pyruvate kinase by DEAE-Sephadex chromatography (7, 15, 16) (14) . In radish, in contrast to the castor bean, the plastids are developing a seed major function: that of photosynthesis.
